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AIR  BLAST  MEASURBJ-iaiTS  ABOtiT  EXPLOSIVE  CHARGES  AT 
Td^E-OM  Alffi  NORMAL  INCIDENCE 


AbBTRACT 

Measiirements  of  air  blast  peaik  pressures,  positive  impvlses,  and 
positive  durations  for  bcth  side- on  and  normal  incidence  from  bare 
50/50  spherical  pentollte  charges  are  presented.  The  e:qpl08ive  wei^t 
ranged  from  l/2  to  8  pounds,  the  scaled  distance  from  1.48  to  l4.8l 
ft/lb”'^^.  Results  of  two  hundred  and  sixty-nine  test  firings  are  tabu¬ 
lated  and  presented  graphica'Iy-  A  description  is  given  of  the  piezo¬ 
electric  gage  developed  to  measure  the  blast  in  the  normally  incident 


_ v-^*- 
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INTROD'.IC'iION 


Before  Wie  response  of  a  structure  to  air  Blast  can  be  predicted,  the 
spatial  and  tsrgjoral  loading  nust  be  kncvm.  Two  limiting  cases  of  the  blast 
loading  from  an  explosive  charge  are  (1)  the  free  expansion  of  the  shjck 
wave  into  undisturbed  air  (called  "el.de-on")  and  (2)  the  reflection  ttS.  nor¬ 
mal  incidence  of  the  shock  wave  from,  an  iiifinite,  rigid  wall  (called"‘'face”' 
on"),  neither  case  applies  'irectly  for  many  Ico-get  structures  of  mi.li- 
tsry  interest,  such  as  aj.rcraft  or  buildings,  becaiise  of  diffraction.  How¬ 
ever,  peak  preosui’es  and  impulses*  for  (l)  and  (2)  represent,  in  general, 
lower  and  upper  bounds  i'2.ipectivei.y  to  the  actual  loading,  and  thus  may 
establish  limits  for  calculations  of  structural  response. 

Theoretical  relations  have  been  advanced  for  the  dwiendence  of  side- 

1,2.5** 

on  ->eak  preasiirc  and  impulse  o*  distance.  Moreover,  the  relation  between 

side-on  and  face-  or.  peak  preaswe  is  known  theoretically  as  a  function  of 

h 

the  velocity  ccP  propagation  of  the  shock  front.  On  the  otaer  hand,  theories 

5  6 

of  face-on  impulse  are  ’imited  to  relatively  weak  shocks.  ^  Experiments  to 
check,  these  theoretical  relations  have  been  extensive]  but  for  the  case  of 
side-on  inpulse  have  been  limited  to  scaled  distances  greater  that  4  or  5 
1 u/lb^^^.  There  are  practically  no  data  of  face-on  lapulse,  especially 
close  to  the  surface  of  exp? islve  charges  where  shocks  are  cjuite  intense. 
Since  knowledge  of  the  Impulse,  both  side-on  and  face-on,  is  very  necessary 
for  the  prediction  of  the  response  of  structiares  to  air  blast  loading,  it 
W818  decided  to  carry  out  a  series  of  experiments  to  make  impulse  measure¬ 
ments  over  an  extensive  range  of  scaled  distances,  concentrating  especially 
at  small  distances. 


Defip^  as  the  ;oositi-ve  area  under  the  pressure- time  htac^ry, 

1  =J  '  F(t)dt,  where  P  is  the  excess  pressure  an.i  T  is  equal  t 
positSve  duraiior 


o  the 


**  Numbers  r-^^er  to  reference  on  page  25. 
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-  '-•O'wes* 


The  present  study  extends  face-on  impulp..  measureiients  closer  to  the 
explosive  cliorge  surface  than  were  obtaine..  in  a  preliminary  study  reported 

g 

in  Ballistic  Hess>rch  Laboratory  Teclinical  Kote  78^'  With  the  development 
of  a  suitable  gage  it  was  possible  to  make  measurements  as  close  a  1.5  ft/ib.^/5 
where  the  face-on  pressure  is  about  320*'  pourids  per  .square  inch.  Tlie 
gage  development  reqatred  lengtliy  experfuuentation  to  minimize  the  effects 
of  accelerometer  action  resulting  from  the  transfer  of  momentjpi  to  the  gage 
(transducer)  by  the  normally  inc  lent  shock  wave,  rhese  accelerometer 
effects  were  found  to  be  reduced  satisfactorily  when  the  transducer  was 
mounted  as  an  integral  part  of  an  extremely  massive,  reinforced  concrete 
wall.  The  ga^e  that  was  fo.uid  satisfactory  and  used  for  these  experiments 
is  described  in  Appendix  I. 
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With  an  adequate  coablnatlon  of  transducer  and  reflecting  surface, 
.dcacure-ants  taken  using  explosive  charges  of  bare  50/50  spheiical 
pentolite  of  l/2-,  1-,  2-  and  O-pounds.  Eiese  explosive  weights  pro- 

Q 

vidsd  an  adequate  check  on  scaling  laws' and  pc-rjslttcd  meaBureaei.ts  over 
a  greater  range  of  pressures  than  could  be  achieved  with  any  one  charge 
weight. 


TSS3Z  SET-UP 

Q!he  experimental  test  facil.  Uos  ucvjd  for  obtaining  the  blast  measure¬ 
ments  consisted  of  massive  reflecting  surfaces  of  sufficient  size  to  pre¬ 
vent  diffraction  of  the  blast  wave  before  the  completion  of  the  positive 
loading  phase.  Ttro  such  surfaces  were  en^loyed  during  the  course  of  the 
tests,  one  the  wall  of  a  chamber  made  of  two-faf  .  thick  reinforced  Cs..'- 
crete,  and  the  other  a  10  ft.  xlOft.  xlft.  concrete  slab  poured  on 
the  ground  surface.  One  and  one-half  inch  diemetor  mounting  pipss,  with 
threaded  sleeves,  '-'ere  Inserted  in  each  of  these  surfaces  to  receive  and 
retain  the  face-on  transducer  housings  flush  with  the  surface.  Such 
mounting  penni.tted  the  surface  of  the  sensing  element  of  the  gage  to  be¬ 
come  essentially  an  ej.empnt  of  '■>'.?  I’eflecting  surface  Ges  Pi-mre  .1, 

On  a  line  pei^endlcular  to  the  reflecting  iihrough  the  cen¬ 
ter  of  an  array  c  face-o;.  as  shewn  in  c  ,  a  bare  50/50 
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ARRA^Ue.MENT  OF  GAGES  ABOUT 
EXPLOSIVE  CHARGE 

FIGURE  2 


spherical  per-tolite  charge  vas  cuspended  from  an  overhead  support.  In  a 
plane  paxallel  to  the  reflecting  surface  thro’igh  the  explosive.  cha."i/-j 
positions  of  side-on  air  blast  gages  (see  Appendix  li)  were  placed  at  the 
height  of  the  charge  center.  These  positions  were  oriented  l80  degrees 
apart  with  each  geige  pointing  directly  at  the  center  of  the  explosive.  The 
resulting  configuration  was  that  of  both  side-on  and  face-on  gages  lying 
on  points  of  a  circle  abou'^  the  exp?.csive  charge  as  center.  Each  of  the 
side-on  gages  was  spanned  by  t:>o  piezoelectric  "velocity"  gages  such  thst 
they  were  at  the  midpoint  of  the  velocity  interval.  A  "velocity"  gage 
merely  records  time  of  arrival  of  the  shock  front. 

The  signals  from  gages  were  transmitted  throu^  RG62-U  coaxial 
cables  having  a  capacity  of  13 *5  micro-mrcro  feirads  per  foot  to  appro- 
prla.te  recording  equipment.  Pressure-time  histories  of  the  blast  waves 
were  photographically  recorded  from  cathode  ray  oscillographic  traces 
and  the  times  of  arri’"’l  of  the  shock  wave  were  indicated  on  electronic 
counter  chrosographs. 

Meteorological  equipment  was  also  provided  at  the  test  site  for 
measuring  the  wind  direction  and  velocity,  and  ambient  atmospheric 
temperature  and  baurometric  pressure. 

EXEEPIFTPrAL  Fr'''^JRE 

Prior  to  making  each  test  firing  the  explosive  was  weighed  with  an 
analytical  beO-ance.  0!he  individual  weights  within  a  i  Lven  grcip  of  ncmlnsl 
weight  were  fotind  to  differ  negligibly  from  each  cthe.r  since  each  lot  of 
charges  was  cast  in  precision  molds.  Sanple  measurements  of  the  aenaity 
of  the  explosive  wer?:  taken  for  both  I-pouad  and  8-pound  charge  weights. 

Ten  spherical  charges  of  each  weigiit  were  selected  at  random  and  values 
of  densities  determined.  The  average  density  of  the  .1-pound  and  8-pcand 
spheres  was  found  to  be  1.588  and  1.612  respectively.  (Eieso  ve...iiee  enre 
the  appro^clmate  limits  for  a-l  1  of  the  charge  weights  used  cjd  the  densit, 
for  explosl/e  weigh. s  over  tne  range  of  tne  experiments  probably  ;?.if 
fer  negligibly  j.-u  the  averag  of  these  two.) 


city  gages  at  each  po£ 


proper  spacing  both  vt 


stationed  at  the  midpoint.  Each  eiqplosivc  charge  was  ii 
ter  with  a  Corps  of  Engineers  special  electric  detonata 
producible  initiation  of  all  chart  s  over  the  range  or  ' 


cnart  s  over  bbe  range  or 


'■it-tunators  Eind  the  electricsl  leads  were  oriented 


slds-on- gage 


itiated  at  its  cen*- 


metal  fragments  resulting  from  the  detonation  would  be  directed  away  fron  the 


sr  that  any 


Before  a  group  of  explosives  was  fired,  all  gages  and  connecting  cables 
were  checked  for  continuity  and  proper  impedance.  A  gage  or  line  was  re¬ 
placed  wherever  its  inpedauce  dropped  below  1000  megohms  because  the  exccas 
leakage  of  electrical  charge  that  would  thereby  be  caused  could  lead  to  in¬ 
accurate  measurements  of  duration.  The  indivldval  firings  were  ccmducted 
from  an  automatic  sequence  timer  \dilch  initiated  the  detonation  of  the  ex¬ 
plosive  charge,  started  the  high  speed  recording  cameras,  and  intensified 
the  sweep  of  the  oscillographic  traces.  Measurements  of  aaibient  teapera- 
ture,  atmospheric  pressure  and  the  wind  direction  and  velocity  in  the  vicinity 
of  the  tests  were  obtained  as  near  to  the  time  of  firing  as  possible.  lianed- 
iately  after  each  ro\md  the  shock  wave  eurrival  times  were  recorded  and 
Irregularities  noted.  Film  records  of  the  pressure-time  histories  were 
processec.  prcs^tly  so  that  «uiy  discrepancies  arising  .in  the  system  might 
be  detected  and  corrected  without  an  appreciable  loss  of  data.  Since  the 
blest  parameters  (excess  pressure,  positive  Ijipulse  and  positive  duration) 
were  desired  over  as  great  a  range  of  scaled  distances*  as  practicrble. 


*  Scaled  distance,  z,  is  equal  to  ■vdiere  K  is  the  distance  to 

the  charge  center  and  W  the  of  i'C’Josivf;. 


i  ' 


Identicul  firinge  were  repeated  at  each  ^'f  many  different  coaled  distance 
values  until  reliable  statistical  averages  were  obtained. 


COyr-UEAIPIOHAL  EROCaiiiRS 


I .  Sida~on  Preesura 

Measurement  of  the  transit  time  of  thu  blast  wave  over  e  fixed  dis¬ 
tance  interval  between  a  peu  of  velocity  gagt._  ’lelds  an  average  velo¬ 
city  over  the  interval.  This  velocity  has  been  shov'^  to  be  eg_ual  to  tne 
velocity  at  the  Interval  aidpoint^^  where  side-on  gages  are  located.  A 
mean  value  of  the  shod"  -eloclty  for  calculating  the  excess  shock  pressure 
was  obtained  by  averaging  the  measured  transit  times  for  the  two  tjositlons 
of  velocity  gages. 

Excess  side-on  pressia-es  were  obtained  frem  the  Rankine-Hugonlot  cendi- 


where 


- 1) 


^8  27 

-  7^ 


P  a  side-on  excess  pressure,  psi 
s 

P  =  Ambient  ata^scheric  pressure,  psi 
o 

V  =  shock  velocity  m  still  air,  ft/sec 
C  =  sound  velocity  in  air  ahead  of  shock,  ft/sec 
7  =  ratio  of  specific  neats  (equal,  to  1.4  for  air) 


This  relation  was  used  over  the  range  of  pressures  for  which  7  was 
essentially  eqival  to  1.4.  For  pi-essures  higher  than  20  atm.  7  is  no  lP'..ser 
constant  since  air  does  not  behave  as  a;-  ideal  gas.  For  these  higher  pres¬ 
sures  the  specific  heat  at  constant  volume,  was  assumed  tc  be  a  linear 

function  of  tenqperature  end  the  side-on  pressure  was  obtained  > rom  the  velo- 
city  of  propagation  using  da~a  prepared  by  Loerlng  and  Burkhardt. 


p- 


11 


II.  Face-On  Pi’ecsure 


Assuming  the  shock  wave  to  he  spherically  sjmme-Drie,*  inferences  of 
the  face-on  pressure  at  the  reflecting  surface,  where  transit  ^ime  measure¬ 
ments  of  the  shock  wave  could  not  he  ta^en,  were  made  from  a  knowledge  of 


the  side-on  pressure  using  the  relation 


=  2  +  6: 


oy 

rTV 


where 


=  face-on  excess  pi'essure,  psl 


y  =  P  /P 
•'  s'  o 


In  this  expression,  P^  is  the  excess  side-on  pressure  computed  from 


equation  (l)  using  an  average  of  the  shock  velocities  "“cr  the  two  side-on 
positions.  This  relation  also  fails  for  side-on  pressurec  above  20  atmos¬ 


pheres.  Therefore,  face-on  pressures  in  the  high  pressure  region  were  ob- 

3 

tained  by  again  using  an  analysis  due  to  Boering  and  Burkhardt.^ 


This  assuB^itlon  appears  valid  since  spherical  charges  were  used  and 
measurements  by  velocity  gages,  orientated  l80  degrees  apart,  in¬ 
dicated  symmeti'y  except  for  small  perturbations. 


If  the  blast  wave  had  spherical  symmetry,  except  for  smail  per¬ 
turbations,  this  value  of  P  con5)uted  from  +’.:e  average  '/alue  ol 
shock  velocity  would  more  iSkely  yield  tlie  slae-on  pressure  in¬ 
cident  on  the  reflecting  surface  tlian  would  the  value  of  P  calcu¬ 
lated  at  either  position. 


. . I 


MaMfiboMouiUiMiCscnMaMacii 


Ill .  Gage  Constants 


With  excess  pressures  known  from  the  velocity  measurements,  gage 
sensitivities  for  both  side-on  and  face-on  gages  were  computed  from  th<=> 
formula 

where 

KA  =  gage  sensitivity,  mJ cro-microcouJ.ombs/psi 
H  =  height  of  •'nitJal  peak  of  pressure-time  history  on  a  record 
S  =  average  volcage  calibration  step  size  on  a  record 
Q  -  calibration  charge,  micro-microcouloabs 
P  =  excess  pressure,  psi 

Heights  of  H  and  S  were  m80'’ured  on  the  same  arbitrary  scale  from  the  Indi- 
'.•Idvial  record. 

Calculated  values  of  the  individual  gage  constants  appeared  to  be 
some'vdiat  erratic  because  of  inability  to  determine  accurately  the  magni¬ 
tude  of  the  -nltial  peak.  Tlicse  variations  were  most  pronounced  with  hi^ 
pressure,  short  duration  pulses.  Since  static  calibrations*  of  several 
gages  showed  the  gege  sensitivity  to  be  linear  ever  a  range  of  pressurej 
from  100  to  10,000  pounds  per  square  inch,  a  mean  of  the  KA.  was  assumed 
over  all  firings  to  which  the  gage  was  subjected. 


*  A  static  calibration  consists  of  subjecting  a  gage  to  a  precisely 
known  pressure  and  recording  the  output  on  a  galvanometer  ’•'hen  the 
]oad  is  sioddeniy  released.  'Phis  calibration,  while  indicating 
linearity,  does  not  yle3d  a  KA  necessai’ily  equal  to  the  KA  ob¬ 
tained  in  field  'irlu^  . 


IV.  Positive  Impulses 


This  mean  value  was  tlieii  used  to  compute  the  positive  impulse  of  e^.'h  rour'd 
for  which  the  gage  was  used. 


Positive  impulses  were  obtained  from  lube  formula  I  =3  ^  ^ — 

KA  X  1.'  X  b 

where  I  =  Impulse,  p  i-ms. 

M  -  area  under  the  positive  phase 
U  =  time  scale  factor,  scaic  ur.its/ms. 

The  area  M  was  computed  by  the  trapezoidal  rule  from  ordinates  meafured 
at  small  eque.l  intervals  on  the  film  records  as  shown  below  (all  measurements 
to  the  same  scale  as  S) . 


^-1 

J^hj,  =  0 


H.id  »„ 

j 


The  films  were  read  on  precision  film  readers  bj  the  Analytical  Laboratory, 
Development  and  Proof  Services,  and  the  data  obtained  were  tabulated  and  re¬ 
corded  on  IBll  cards.  From  these  tabulated  data,  the  Computing  Laboratory  of 
BRL  computed  the  impulses. 

RESUITS 

Excess  pressures,  positive  impulses  and  positive  durations  over  a 
range  of  scaled  distances  f'>'om  1.48  to  l4.8l  ft/lb. and  a  rsinge  oi 
explosive  weights  from  1/2  to  8  pouiids  are  presented  graphically  in  figia’es 
5,4,  and  5  respectiwely.  T1  -se  data  represent  airings  for  which  indi¬ 
vidual  values  of  the  .  last  parameters,  and  also  average  .'•alves  for  a  g  von 
group  are  reported  i-  .Appendix  lIT.  'Typical  records  of  side-on  and  face 
on  pressure-time  hist,  ries  are  presented  in  Figure  6.  Tiiese  parameters 

9 

were  found,  to  scale  a  ■  rding  to  the  dimensional  laws  propo.sed  by  Sachs  , 
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and  the  different  explosive  weights  used  are  presented  on  sealed  curves  for 
Doth  reflected  and  side-on  incidence.  The  durations  of  the  I'eflected.  and 
side-on  hlaat  waves,  however,  were  found  to  be  statistically  equal  within 
the  range  of  experiments  and  are  Ciomhiued  into  a  single  scaled  duration 
curve. 

DISCUSSION 

The  range  of  scaled  distances  over  which  data  were  tedcen  is  the  region 
of  great  interest  for  structural  damage  from  high  explosive  charges.  How¬ 
ever,  the  exact  limits  vf  the  range  chosen  were  dictated  by  test  conditions. 
It  was  ft^oiid  that  in  the  high  pressure  region  the  ra^'ld  fall-off  and  short 
duration  of  the  pressirre-tiae  histories  made  accurate  resuilngB  of  areas 
under  the  curves  difficult.  In  addition,  the  quality  of  the  records  de¬ 
teriorated  as  the  gages  were  pjacod  closer  and  closer  to  the  e^qplcsive 
charge.  In  light  of  these  facts,  it  was  decided  that  data  taken  at  scaLLed 
distance  values  less  than  about  1.5  would  be  questionable,  and  high  pres¬ 
sure  tests  were  accordingly  discontinued  at  1.^.  The  upper  limit  of 
scaled  distance  was  taken  at  approximately  15  because  it  had  been  found 
In  many  test  firings  against  a  variety  of  target  structures  that  scaled 
distaaoes  greater  than  15  are  out  of  the  damage  region  for  explosive 
weights  less  than  1000  pouai..s.  Ttu-eshold  damage  to  military  targets  tends 
tn  be  a  function  of  only  peak  pressure  for  weights  beyond  several  thousand 
pounds . 

A  measure  of  the  precision  of  the  aeaourementa  may  be  seen  in  figures 
3,  4,  and  5,  and  Appendix  III,  where  the  standard  devia+ions  f  ~  ''-uch  set 
of  firings  are  given.  Values  of  side-on  pressurr  and  impulse  presented 
are  in  good  agreement  with  the  average  cuz'ves  of  data  taken  previous!;/  by 
these  laboratories.  However,  side-on  impulses  are  somewhat  at  variance 
with  the  predictions  of  Kirkwood  and  Brinl'.ley  as  shown  in  Fl''"/’e  7* 
question  of  correcting  ell.  impulse  measurements  to  edlov  for  differences 
in  ambient  pemperaijxe  was  conslde/.cd,  but  investigation  snowed  that 
extremes  of  .-he  tenperature  range  could  account  for  less  than  a  5  percent 
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FIGUHE  7 


variation  in  impulse.  Since  the  sta-'card  deviations  of  the  tm-oulse  meaevre- 
ments  a'>’’eratged  approximately  10  percent,  the  temperature  correction  vas  not 
included. 

Fittir^j  analytical  exprecoionn  to  the  data  w»3  j^iven  carefiil  coi  dera¬ 
tion.  It  was  desirec,  to  fit  the  das'*  accurately,  but  phj’sical  conside  ret  ions 
made  using  the  method  of  least  squares  undesirable.  An  objection  to  fiuidlng 
analytic  e.vpressions  for  the  data  is  that  no  reliable  extension  beyond  the 
range  of  measurement  could  be  nade  from  these  expressions.  Thde  follows 
from  the  fact  that  the  range  of  measurement  extends  Just  into  the  pressure 
region  where  the  ideal  gas  assumption  for  air  bresJis  down.  Therefore,  no 

reliable  extrapolation  o%  the  data  could  be  made.  Indeed,  Kirkwood  and 
2 

Brinkley  nave  predicted  that  the  side-on  impulse  curve  goes  through  a  maxi- 
anjm  at  a  scaled  distcince  of  1.00,  and  an  analytic  fit  to  the  data  could  never 
he  e'-5)ected  to  show  a  maximua  outside  the  range  of  measurements.  Therefore  a 
method  of  centroids  was  uas'l  to  piui.  curves  through  the  data.  Groups  of 
points  were  chosen,  and  the  weighted  average  of  the  coordinates  vas  calcu¬ 
lated.  These  weighted  average  points  described  smooth  curves,  from  which 
reliable  values  of  the  blast  peraaeters  could  be  obtained. 

It  is  believed  that  measiffements  of  fece-on  iaipulBe  and  face-on  dura¬ 
tion  at  scaled  distances  less  than  5  are  being  presented  for  the  first  time. 

Face-on  Impulses  from  a  scaled  distance  of  !?  to  15  are  in  agreement  with 

A 

results  of  preliminary  firings  presented  previously. 

Since  the  face-on  duration  equals  the  side-on  duration  within  experi¬ 
mental  error,  it  seems  logical  to  attempt  to  relate  the  face-on  and  Ef.de- 
on  impulse  analyticedly  by  using  a  relation  between  face-on  and  side-on 
pressure.  Makino  and  Shear'^^ave  attempted  to  fit  the  experimentally  de- 
tennlned  face-on  Impulse  curve  by  assuml;'^  the  normal  reflection  formula 
to  hold  behind  as  well  as  at  the  shock  fvoflt.  With  this  assumption  it  is 

*  Weighted  according  to  the  nianber  of  observations. 
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possible  to  find  face-on  impulse  by  integration  for  any  known  shape  of  t)ie 
side-on  pressure-time  history.  Three  cases  were  cnosen  by  Makino  tind  .Tr-esvc 
for  compeirison  with  the  experimental  results: 

Case  I:  as  sinned  to  decay  exponentially  with  time; 

p  (t)  =  P  e  ,  where  P  ie  the  peak  side-on  pressure  and 
8  8  8 

the  constant  k  is  adjusted  to  •'’it  known  conditions.  Tiie  normal  reflection 
formula, 

where  ^  ^ 

y  +  ( 

p^  -  face-on  pressure 

y  .  p,(t)  /p„ 

=  ambient  atmospheric  pressure 

was  then  integrated  to  obtain  the  face-on  impulse. 

Case  II;  p  (t)  was  oaken  to  decay  linearly  with  time,  p„(t)  "P„(l  -  kt), 
s  s  s 

and  the  face-on  impulse  again,  was  found  by  integj.’ating  the  normal  reflec¬ 
tion  formulp-. 

Case  III:  p  (t)  and  p  (t)  were  both  taken  to  decay  lineaurly  -with  time, 
s  z* 

The  curves  of  reflected  scaled  impulse  as  a  function  of  scalea  -cance 
for  these  three  cases  are  shown  in  ccoiparison  with  the  authors*  experimental 
results  as  Curves  I,  II  and  III  in  Figure  8,  Curve  I  appears  to  show  the 
best  eigreement.  iMs  is  consistent  with  work  performed  at  these  Labora¬ 
tories  and  also  other  Ins'tallations  which  associates  an  exponential  shape 
with  the  side-on  pressure-time  history. 

FUTURE  WORK 

It  is  desired  to  ob-tain  a  check  on  the  accuracy  of  reflected  impulse 
measurements  by  a  method  independent  of  piezoelectric  gages.  Expei'lmen- 
tation  is  presently  in  progress  to  adapt  strain  gages  on  rods  and.  s-l-fain 
gage  transducers  to  lo^iulec  meas’'''3'riGnts.  Still  cnothc-  teehnir.;”e  is  in 
progress  '^hereby  It  oulse  is  inferred  fraa  the  momentum- impulse  theoroi 
by  measuring  the  i;  .tial  velocity  iaiparted  to  a  given  t-n.-js  by  the  im¬ 
pulsive  blast  ■wave  i ceding.  It  ic  hoped  'with  the  later  technique  to 
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extend  measiiren-.ents  of  reflected  impulse  to  shortei-  scaled  distance  values 
where  it  is  believed  that  impulse  loading  alone  is  a  criterion  for  iiamage 
to  many  structure!.]  • 

It  is  also  hoped  that  measurements  excess  peak  pressure,  pchL^ive 
impvilse  and  positive  duration  can  be  made  £.-  different  altitudes  to  pro¬ 
vide  adequate  checks  on  Sachas  altitude  seeling  laws.  With  such  measure¬ 
ments,  better  estimates  of  the  leti  1  envelopes  around  aircraft  and 
missiles  for  blast  type  warheads  and  correlation  of  internal  blast  damage 
tests  with  blast  measurements  may  be  possible. 


A.  J. 


2,'k 

S.  n.  MILLS,  JR. 
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/iPPKNDIX  I 


Description  and  Utility  of  a  "Face-on”  Piezoelectric  Qage 

This  g&oja,  usually  referred  to  as  a  "face-'m  gage,"  is  a  piezo¬ 
electric  transducer  used  to  record  the  pressure- ci me  history  of  an 
air  blast  wave  reflected  from  the  o  I'face  of  a  rigid  6^ructu£•^. 

Essentially,  this  gage  is  an  element  of  the  reflecting  surface  and 
ic  designed  to  meas’jre  +*^6  blast  loading  impinging  on  the  structure 
less  any  structural  response. 

The  sensitive  element  of  the  face-on  gage  consists  of  two  disc- shaped 
tocrmaline  crystals,  each  approximately  0.Ci*0  inch  thich  and  O.75  inch  in 
diameter  cemented  into  e  stack  together  with  a  copper  foil  electrode  of  the 
same  diameter  inserted  uetween  the  positive  facec.  The  negative  faces  of 
the  crystals  ai'e  electrically  connected  through  the  flep  of  a  second  copper 
foil  disc  ceii’cnted  to  the  lower  face  of  th>  stack.  The  entire  sensibive  eie> 
men!  is  bonded  under  pressure  to  the  bottom  of  a  0,100  inch  deep  by  1.00  inch 
diameter  cavity  located  in  the  threaded  end  of  a  brass  housing.  The  electri¬ 
cal  charge  collected  by  the  positive  foil  is  transmitted  by  a  fine  wire  through 
the  housing  to  a  coaxial  connector  on  the  opposite  end  while  the  negative 
connection  is  made  directly  to  the  gage  housing.  The  clearance  between  the 
element  and  housing  is  fii»lly  filled  with  a  chemically  hardened  potting  com¬ 
pound  w'hich,  when  filed  emoof  and  flit,  provides  a  thin  hard  surface  o-^er 
the  crystals.  This  construction  is  relatively  invulnerable  to  high  inten¬ 
sity  loading  except  for  direct  hits  from  occasional  fragments.  A  schematic 
drawing  of  this  gage  is  shown  in  Figure  9. 

Several  techniques  concerned  with  weasui-ements  of  re^lecter’  _  iscz-res 
with  a  piezoelectric  gage  were  revea,led  through  considerable  experimc,.-la 
tlon. .  It  was  first  discovered  that  u  rigid  backing  for  the  crystal  stack 
was  necessary  to  prevent  snurious  signaJ.B  resulting  from  flexirre  of  the 
crystals  luider  losid  being  superiarpesed  on  the  iocord.  It  was  p  -'-ertalued 
also  that  a  housing  vlbb  considerable  mass  was  desirable  to  prevent  ex¬ 
cessive  gage  mption  fr-‘  the  •rat'.ur:  .>f  the  p^jlse,  li'ese  cnaiacteristlcs 
were  resolved  '  h-rough  use  of  cylindrical  brass  housings,  approxlsataly 
1.^1  inches  in  .1  smeter,  •■nd  ranging  from  fwur  tu  si,,  inches  in  length. 


m 


ill 


FACE -CM  GAGE 


<2; 


-TOURMAHNir  D»SC,  0.750 "  s  0.040“ 
-7  Of^ER  FOJL  DISC,  0.750"  X  O.OOE" 


U 


POSITION  or  FLAP  f 
AFTER  ASSY,  TO  -/ 


TOP  OF  TOP  DISC. 


1.85"  DIAMETER  PIPE 
THREADS 


F '1 

L  ''i" 


•BRASS  HOLISiNG 


iN'  \  \ 


r  COAXIAL 

.  I  C-CNNECTOR 


FIGURE  9 


acaKsysfcf.s..^ ••>■.-  ,.  'ItA  -'-  -■■  ■■-■.  ■  /  .■-•  i  '^<A  -  ■  .■  V  '■  .■•••  ■,  '  .*1/-  ,  ^-y  \ 


Si 

APPENDIX  I  (Continued) 


Inltiallj ,  a  flat  ateel  plate  tos  used  as  a  i nf lectlng  surface .  The 
preesure-tiaie  history  of  the  hiast  vra,ve  vae  mashed  hy  "'scillations  caused 
by  vibrations  of  the  plate,  which  vt.  coupled  through  the  gage  hotislrts  to 
the  sensing  element.  Attempts  to  isciate  the  gage  from  the  ref.lecting  sur¬ 
face  resulted  in  relative  motion  between  the  gage  and  reflector  which  ap¬ 
peared  on  the  record  as  an  acceleration  response  due  to  translation  of  the 
gage  under  the  blast  load.  As  a  result,  an  extremely  massive  reflecting 
sui'face  was  suggested  in  which  these  phenomena  could  not  occur.  The  face- 
on  gage  was  finally  secu^d  into  a  rigid  concrete  structure  as  an  element 
of  the  surface.  Satisfactory  reflected  pressure-time  histories,  relatively 
free  from  spurious  oscillations,  were  then  obtained  ig)  to  pressure  inten¬ 
sities  of  about  4000  pounds  per  square  inch. 


AP?e'r.'T)TX  II 


Deccviptioii  c  '  "SiOe-On  Gage 

The  Stressed  Diaphragm  BRL  Gage  is  a  piezoelectric  aii  blec’^  f,Hge  for 
recording  the  side-on  pressure-time  history  o.'coeiated  vith  blast  (?aves. 
'This  gage,  which  in  its  original  form  was  developed  by  Mr.  Roy  Sampson, 
formerly  of  BRL,  has  been  used  wit.,  a  great  deal  of  success  in  small 
cliarge  (3/8  lb.  to  64  lb.)  air  blast  experiments. 

The  sensitive  element  of  the  Stressed  Ivcphreigra  BRL  Gage  Ip  a  stack 
of  four  wafer  shaped  tourmaline  crystals,  approximately  .030  inches  thick, 
>rith  silver  foil  electrodes  between  crystals  to  collect  the  charge.  The 
ciTystals  are  usually  one  inch  or  one-half  inch  in  diameter  but  gages  have 
been  bi’-)]t  in  which  the  diameter  of  the  crystals  was  as  small  as  one-eighth 
inch. 

The  design  principle  which  Is  believed  to  be  most  directly  responsible 
for  the  success  of  the  S.D1?RL  Gage  is  the  preloading  of  the  crystal  stack 
by  brass  diaphragms  approximately  .020  inches  thick.  Interference  between 
the  cryst^  stack  and  the  cavity  in  the  gage  housing  of  fran  .0005  to  .002 
inches  has  been  found  to  give  the  best  results.  Silicon  grease  applied 
between  the  faces  of  the  stack  and  the  brass  diaphragms  as  well  as  in  the 
clearance  around  the  stack  is  helpful  In  daugoing  spurious  oscillations. 

The  quality  of  the  wo”4manBhir)  in  machining  the  housing,  grindiiig  and 
polishing  the  toxirmaline  crystals,  and  assembling  the  crystals  into  the 
housing  has  been  found  to  be  of  the  utmost  importance  in  producing  gages 
which  give  records  of  high  fidelity.  A  schematic  drawing  of  this  gage  is 
shown  in  Figure  10. 
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